The make utility

Basics

make is a utility thathelpskeepthe executableversionsof programscurrent. It automaticallyupdatesa
tamgetfile whenchangesaremadeto thefiles usedto build thetamget.

make keepsatarget programup-to-dateby readinga malefileandmakingthetametselectedrom it. By
defaultthe makefile is namedrakefi | e.

In its simplestform, a makefile is a sequencef explicit rules,eachof theform (wherebracletsenclose
optionalparts):

fo [f1 ... fn]
[ commandl]
[ command?]

f is saidto bethetarget of therule andto directly dependonthe sourcesf 1. . . f n. Eachcommand is a
commandor theshellfrom which make is invoked.

A tametis saidto (indirectly) dependon g if oneof its sourcesitheris g or oneindirectly depend®ng.
It is requiredthatno tametdependnitself (autodependenty

Eachtaigetmustappeaiin exactly onerule.
To malke atagetf , make performsthefollowing steps:

for eachtamgetf 1 in sourcesf f 'srule do
malef 1;
if targetfile f doesnotexist or
f hasnosourcesor
ary sourcefile is morerecentthantargetfile f or
ary commandsave beenperformedio make sourcesn step2
7. then executecommandsn f 'srule (if ary)

Note thatmake performsa sortof postordenvisit of the directedagyclic graphtextually representedby
themakefile'srules.

make f fails (“don’t know how to make f”) if f is notanexisting file or atametfor somerule or is a
targetfor arule with neithersourcenor commands.



Structur e of rules

Full explicit rules

An explicit rule canalsohave multiple targets. This is equivalentto a setof rules,onefor eachtamet,
having all thesamebody

Thefull syntaxis:

target [target] ...: [[{path}] source] ...
[ comand]
[ conmand]
where:

line separationaresignificant;blanklinesareignored,;

talgetmuststartin columnl;

thefirst sourcemustbe precededy atleastonespaceor tabafterthecolon;
e commandsnustbeindented py somewhitespace;

talgetandsourcefile namescancontaincompletepathnamesandwildcards,

pat h is alist of directorieswherenake shouldlook for thesour ce following { pat h} .

It is possibleto have multiple explicit ruleswith thesametamet, followedby two colons.Thesetell make
to expectandperform(ratherthanignore)additionalexplicit rulesfor the currenttamget.

Implicit Rules

Implicit rulesapplyto all files thathave certainidentifying extensions.The syntaxis:

[{source-dir}].source-extension.[{target-dir}]target-extension:
[ conmand]

This definesary file nane. t ar get - ext ensi on to beatargetfor file nane. sour ce- ext ensi on, for all
name. Moreover:

e {source-dir} tellsmake to searchfor sourcefilesin sour ce-di r;
¢ theperiodbeforesour ce- ext ensi on mustnot beprecededy white space;
e {target-dir} tellsmake to placetamgetfilesin source-dir

To determinghe sourcedor targetnane. t, make usesanimplicit rule

.S.t:
comands

if andonly if:
e anexplicit rule with targetnane. t eitherdoesnot exist or hasno commands,
e nare. s existsasafile oris atamgetin anexplicit orimplicit rule of the malkefile

If norule with targetnane. t exists,make behaesaswith the explicit rule:



nane.t: nane.s
commands

If thereis arule with nocommands
name.t: sources
make behaesasthoughthis rule were:

name.t: sources nane.s
commands

If severalimplicit rulesareeligible to make atamget,make chooseshefirst, andmake - Nthelast,unless
a. suf fi xes directive givesa higherpriority to the extensionstartinganotheimplicit rule.

Command Prefixes

A conmand cantake thefollowing prefixes: @ - num - and&.
@preventsnmake from displayingconmand beforeexecutingit.

If command terminateswith an errorexit codeerr, make stopsprocessinganddeleteshe currenttamget
file. With the prefix - num this happen®nly if err > num With -, make doesnot stop.

& causesrake to executethecommandhatthe$** or $? macrosn anexplicit rule expandto.

Command Body

Thecommandoodyis ary shellcommand.
BorlandC’s make supports<, >, and>> redirection but not pipes,andaddsthe << and&& operators.
Theé&& operatoris usedfor acommand in a malefile thus:
command args &§&|
line 1
line N
| noreargs
This causesrake to createatemporaryfile maken. $$$ andexecute
command args maken. $$$ norear gs
Any charactecanbeusedasadelimiterin lieu of | .
The<< operatoiis similar, but thetemporaryfile actsasthe standardnputto the command.

All temporarnyfiles aredeletedunlessrake hasa specificcommandine option.

Commentsand specialcharacters

# indicateghattherestof theline is acomment.

\ asthelastcharactein aline actsasaline continuationcharacter(Doesnot applyto comments.)



Dir ectives

A malefile cancontainthefollowing directives:

Name Action
. aut odepend turnson autodependegachecking
. noaut odepend
lerror causesrake to stopandprint anerrormessage
Vi f expressionsvith macrog C-like syntax
lelif
lel se
l'endi f
Vi fdef depend®on macrodefinitions
l'i f ndef
Fundef forgetdefinitionfor a specifiedmacro
.ignore ignorereturnvalueof acommand
. noi gnor e
linclude specifiezafile to includein the malefile
. pat h. ext pat h is searchedor files with extension. ext
. precious do not deletespecifiedametevenif commandgo build it fail
.silent do not print command$eforeexecutingthem.
. nosi | ent
. swap (only for realmodenake): swapneke in andout of memory
. noswap
.suffixes specifiesalist of extensions
Macros

Macrodefinitionstake theform
Macr 0- nane = expansi on-t ext
where:

¢ macr 0- nane shouldbea stringof lettersanddigits with nowhitespacen it. Cases significantin
macros.Therecanbewhitespacdetweenmacro-namendthe equalsign.

e expansi on-text is ary arbitrarystring containingletters,digits, whitespaceandpunctuation.

If macro-namehaspreviously beendefined,eitherby a macrodefinition in the malefile or by the - D
optiononthemake commandine, the new definitionreplacesheold.

Macrosare invoked in the makefile by: $( macr o- name) ; parenthesesare always needed exceptfor
predefinednacros)

Whenmeke findsamacroinvocation,it replacesheinvocationby the macros expansi on-t ext. If the
macrois not defined,nmake replacest with the null string, or, if the macronameis a shellervironment
variablewith therelevantdefinitionstring.



Macro expansionissues

Macroscannotbe invoked on theleft sideof a macrodefinition. They canbe usedon theright side,but
they arenot expandeduntil the macrobeingdefinedis invoked.
Macroinvocationsareexpandedmmediatelyin rule lines.

Macroinvocationsareexpandedmmediatelyin ! i f and! el i f directves. If the macrobeinginvoked
in thedirective is not currentlydefined,it is expandedo thevalue0 (FALSE).

Macroinvocationsin commandsareexpandedvhenthe commands executed.

The macroinvocation$( macr o- nane: t ext 1=t ext 2) (no spacesaround: and=) is replacedby the
definitionstringfor macr o- name with every occurrencef t ext 1 replacedoy t ext 2.

Predefinedmacros

make comeswith thefollowing built-in macros.

Macro ExpandsTo

$d 1 if following macronameis defined;0 if not
$* basefile name(no ext, with path,if generated)
$< full file name(with ext, with path,if generated)
$: file path(no name/at)

$. file nameandextension(no path)

$& file nameonly (no path,no ext)

$@ full targetnamewith path

$** all dependents

$? all outof datedependents

__MBDGS__ | 1if runningmake underDOS

__MAKE__ | make’s versionnumberin hex

MAKE make’s executabldilename

FLAGS ary optionsusedonthemake commandine
MAKEDI R directoryfrom which make wasrun

In anexplicit/implicit rule $* $< $: $. $& referto tamget/dependent.

If thereisn't apredefinedilenamemacroto give theneededartsof a filename macromodifierscanbe
usedextractary partof afilenamemacro.Theformatis:

$(macro[D| F| B| R])
wherethe modifiersare:
Mod | Whatpartof thefilename| Example

D drive anddirectory $(<D) = C.\0BIS\

F baseandextension $(<F) = BOB. 0BJ

B baseonly $(<B) = BB

R drive, directory andbase | $(<R) = C.\ OBJS\ BOB

Invoking make

make [option option ...] target target ...



Command-lineptionsareintroducedby a- ora/ . Caseis significant.

Option

-?2o0r-h printsa helpmessagédefault optionsfollowed by +
-a automaticdependenccheck

-B builds all tamgetsregardlessof file dates

- ddir setsdir for swapfile (mustbeusedwith - S

- Didentifier definesdentifierto stringconsistingonly of characted

- Diderrstring | definesdento string (which cannothave whitespace)

-e ervironmentvariablestake precedencen macroswith samename

- f filename malefile is filename or filename ek if filenamedoesnot exist andhas
no extension.The spaceafter-f is optional

- continuesegardlesof exit statusof commands

- | dir searchor includefilesin dir (in additionto currentdirectory)

-K donotdeletetemporaryfiles

-m displaydateandtime stampof eachfile asit is processed

-n printscommanddbut do not performthem

-N increasarake’s compatibilitywith Microsoft's nmake

-P displaymacrodefinitionsandimplicit rulesbeforeexecutingmakefile
-r ignorebui | tins. mak

-S do not print command$eforeexecuting

-S Swapsrealmodeneke outof memorywhile executingcommandsThis

makesroomfor very large modulesto be compiled.
- Uidentifier undefinesary previousdefinitionsof identifier
-W write currentnon-stringcommandine optionsto make. exe

Examples

# Builtins. mk

#
CC = BCC
AS = TASM
RC = RC
.asmobj :

$(AS) $(AFLAGS) $& asm
C. exe

$(CC) $(CFLAGS) $& ¢
c.obj:

$(CC) $(CFLAGS) /c $& ¢
cpp. obj :

$(CC) $(CPPFLAGS) /c $& cpp
.rc.res:

$(RC) $(RFLAGS) /1 $&

.suffixes: .exe .obj .asm.c .res .rc



#*****~k**************************
#

# This nmekefile was generated by the utility PRI2MAK. EXE

#

# PRI2MAK converts project files (filename.PRJ) into .MAK files
#

# The .PRJ file for this exanple is in the EXAMPLES directory

# of the Container Cass Library.

#
#*****~k**************************
. AUTODEPEND

# *Transl ator Definitions*

CC = bcc +DI RECTRY. CFG

TASM = TASM

TLIB = tlib

TLINK = tlink

LI BPATH = ..\..\LIB;..\LIB
[ NCLUDEPATH = .. \..\INCLUDE; ..\ | NCLUDE

# *Implicit Rul es*
.C.obj:
$(CC) -c {$<}

. cpp. obj :
$(CC) -c {$<}

# *List Macros*

EXE_dependencies = \
directry.obj \
filedata.obj \
testdir.obj \

. \lib\tclasss.lib

# *Explicit Rul es*

directry.exe: directry.cfg $(EXE_dependenci es)
$(TLINK) /v/x/clP-/L$(LI BPATH @&

c0s. obj +

directry. obj+

filedata. obj+

testdir. obj

directry

# no map file

. \lib\tclasss. lib+

graphics. lib+

enu. | i b+

mat hs. | i b+



cs.lib

# *| ndi vidual File Dependenci es*
directry.obj: directry.cfg directry.cpp

filedata.obj: directry.cfg filedata.cpp
testdir.obj: directry.cfg testdir.cpp

# *Conpi l er Configuration File*

directry.cfg: directry.mak
copy &

-V

- Vi

- W ret

- W NCi

-winl

- W par

- W cpt

-wdup

-Wpia

Wil

- W SUs

- W ext

-Wias

-W-i be

-Wpre

- W nst

-1 $( 1 NCLUDEPATH)

- L$( LI BPATH)

| directry.cfg



